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[57] ABSTRACT 

Achip antenna in Which correct evaluation and inspection of 
a conductor can be performed regardless of the state of 
grounding. The chip antenna has a rectangular-prism-shaped 
substrate formed of a dielectric material comprising, e.g., 
barium oxide, aluminum oxide and silica. A copper or 
copper-alloy conductor is spirally Wound Within the sub 
strate in the longitudinal direction. A feeding terminal for 
applying a voltage to the conductor and a free terminal are 
disposed on the surfaces of the conductor. One end of the 
conductor is attached to the feeding terminal, While the other 
end is connected to the free terminal. 

19 Claims, 3 Drawing Sheets 
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CHIP ANTENNA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to chip antennas 
and, more particularly, to chip antennas used in mobile 
communication apparatus for mobile communications and 
local area netWorks 

2. Description of the Related Art 
It is demanded that antennas used for mobile communi 

cations and local area netWorks be small, and one type of 
antenna to satisfy this demand is a helical antenna. 

The structure of a knoWn type of helical antenna is shoWn 
in FIG. 5. A helical antenna generally indicated by 50 is 
constructed in the following manner. A linear conductor 51 
is Wound With a generally circular Winding cross section 52 
orthogonal to the Winding axis C. One end of the conductor 
52 is used as a feeding end 53, While the other end serves as 
a free end 54. 

In the above-described helical antenna, evaluation and 
inspection of the conductor are performed by evaluating the 
antenna characteristics (resonant frequency, bandWidth, and 
so on) of the helical antenna. The antenna characteristics, 
hoWever, vary depending on the state of grounding due to 
the structure of the antenna. Thus, the antenna characteris 
tics of the helical antenna measured With a gaging instru 
ment may differ from those of the antenna applied to 
practical use. It is, therefore, dif?cult to correctly evaluate 
and inspect a conductor used in a helical antenna. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a chip antenna, free from the above-described 
problem, in Which correct evaluation and inspection of a 
conductor can be performed regardless of the state of 
grounding. 

In order to achieve the above and other objects, according 
to the present invention, there is provided a chip antenna 
comprising: a substrate formed of at least one of a dielectric 
material and a magnetic material; at least one conductor 
disposed at least one of Within the substrate and on a surface 
of the substrate; and a pair of terminals disposed on the 
surface of the substrate and connected to respective ends of 
the conductor. 

In the above-described chip antenna, one of the pair of 
terminals may be utiliZed as a feeding terminal for applying 
a voltage to the conductor, While the other terminal may act 
as a free terminal. 

According to the above description, the chip antenna of 
the present invention is provided With a pair of terminals 
connected to the respective ends of the conductor, thereby 
enabling correct and easy measurements of the resistance of 
the conductor With an LCR meter. 

Other features and advantages of the present invention 
Will become apparent from the folloWing description of the 
invention Which refers to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a chip antenna according 
to a ?rst embodiment of the present invention; 

FIG. 2 is an exploded perspective vieW of the chip 
antenna shoWn in FIG. 1; 

FIG. 3 is a perspective vieW of a chip antenna according 
to a second embodiment of the present invention; 
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FIG. 4 is a schematic circuit diagram for evaluating the 

resistances of the conductors of the chip antennas shoWn in 
FIGS. 1 and 3; and 

FIG. 5 illustrates the structure of a knoWn type of helical 
antenna. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

Embodiments of the present invention Will noW be 
described With reference to the draWings. A reference Will 
?rst be made to FIG. 1. Achip antenna generally designated 
by 10 has a conductor 12 helically Wound Within a 
rectangular-prism-shaped substrate 11 in the longitudinal 
direction. The substrate 11 is constructed, as illustrated in 
FIG. 2, by stacking rectangular sheet layers 13a through 13c 
formed of a dielectric material (relative dielectric constant: 
approximately 6.1) comprising barium oxide, aluminum 
oxide and silica. 

Disposed on the surfaces of the sheet layers 13a and 13b 
by means of printing, vapor deposition, cladding or plating 
are copper-made or copper-alloy-made conductive patterns 
14a through 14h formed in a linear shape or generally in a 
“V”-shape. Further, via-holes 15 are formed in predeter 
mined positions (one end or both ends of each of the 
conductive patterns 146 through 14h) on the sheet layer 13b 
along the thickness of the substrate 11. 
The sheet layers 13a through 13c are then stacked on each 

other to connect the conductive patterns 14a through 14h 
through the via-holes 15. Thus, the conductor 12 having a 
rectangular cross section spirally Wound inside the substrate 
11 in the longitudinal direction can be constructed. Afeeding 
terminal 16 for applying a voltage to the conductor 12 is 
disposed over tWo surfaces of the substrate 11, and a free 
terminal 17 is oppositely disposed over tWo surfaces of the 
substrate 11. One end 12a (one end of the conductive pattern 
14a) of the conductor 12 is extended to the edge surface of 
the substrate 11 to be attached to the feeding terminal 16. In 
contrast, the other end 12b (one end of the conductive 
pattern 14h) is extended to the other edge surface of the 
substrate 11 to be connected to the free terminal 17. Nothing 
other than the end 12b of the conductor 12 is connected to 
this free terminal 17. 
A reference Will noW be made to FIG. 3 illustrating a chip 

antenna according to a second embodiment of the present 
invention. A chip antenna generally indicated by 20 differs 
from the antenna 10 of the previous embodiment in that a 
conductor 22 is spirally Wound along the height of a sub 
strate 21. In this antenna 20, one end 22a of the conductor 
22 is ?xed to the feeding terminal 16, While the other end 
22b is attached to the free terminal 17. The other construc 
tions are identical or similar to the chip antenna 10 of the 
?rst embodiment, and a detailed explanation thereof Will 
thus be omitted by designating the same elements by like 
reference numerals. 

FIG. 4 is a diagram illustrating a schematic circuit for 
evaluating the resistance of the conductor 12 of the chip 
antenna 10 of the ?rst embodiment. Both the feeding ter 
minal 16 and the free terminal 17 of the antenna 10 are 
respectively connected to an LCR meter 31 through cables 
32, 32, thereby measuring the resistance of the conductor 12. 
Alternatively, the resistance may be determined With an 
evaluation instrument (not shoWn). In the chip antenna 20, 
as Well as in the antenna 10, the resistance of the conductor 
22 may be evaluated in a manner similar to the above 
method. 
The aforedescribed embodiments have been explained in 

Which the substrate of the chip antenna is formed of a 
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dielectric material comprising barium oxide, aluminum 
oxide and silica. This is not, hoWever, exclusive, and the 
substrate may be formed of a dielectric material comprising 
titanium oxide and neodymium oxide, a magnetic material 
comprising nickel, cobalt and iron, or a combination of a 
dielectric material and a magnetic material. Also, in the 
above-described embodiments the substrate is formed in a 
rectangular-prism shape, but it may be formed in another 
shape, such as a cube, cylinder, pyramid, cone or sphere. 

Moreover, although in this embodiment the conductor of 
the chip antenna is spirally Wound, it may be Wound in a 
meandering shape, e.g., a sinusoidal or triangular shape 
disposed in a single plane or in a plurality of planes. Further, 
the foregoing embodiments have been explained in Which 
the conductor of the chip antenna is formed inside the 
substrate. HoWever, the conductor may be disposed on a 
surface of the substrate, or both Within and on a surface of 
the substrate. Additionally, more than one conductor may be 
formed, in Which case, a plurality of resonant frequencies 
may be provided for a resulting chip antenna. 

Further, a pair of terminals, i.e., a feeding terminal and a 
free terminal, are disposed on the surfaces of the substrate of 
the chip antenna. A mounting terminal may also be provided 
to mount a chip antenna on a mounting substrate. The 
positions of the feeding terminal and the free terminal on the 
substrate designated in these embodiments are not essential 
to carry out the present invention. 

As Will be clearly understood from the foregoing 
description, the chip antenna of the present invention offers 
the folloWing advantages. A pair of terminals connected to 
the respective ends of the conductor are provided for the 
chip antenna, thereby stably and readily measuring the 
resistance of the conductor With an LCR meter. It is thus 
possible to perform stable and easy evaluation and inspec 
tion of the conductor irrespective of the state of grounding. 
Additionally, one of the pair of terminals is utiliZed as a 
feeding terminal, While the other terminal acts as a free 
terminal. The antenna can thus be used as a helical antenna. 

Although the present invention has been described in 
relation to particular embodiments thereof, many other 
variations and modi?cations and other uses Will become 
apparent to those skilled in the art. Therefore, the present 
invention should be limited not by the speci?c disclosure 
herein, but only by the appended claims. 
What is claimed is: 
1. A chip antenna comprising: 
a substrate comprising at least one of a dielectric material 

and a magnetic material, the substrate having a surface 
and having at least a portion of the surface comprising 
a ?at surface to be mounted on a mounting board; 

at least one conductor disposed at least one of Within the 
substrate and on the surface of said substrate; and 

a pair of terminals disposed on the surface of said sub 
strate and connected to respective ends of said conduc 
tor; 

said substrate comprising a plurality of layers stacked on 
top of each other, the stacked layers establishing a 

5 

15 

25 

35 

45 

55 

4 
direction normal to the stacked layers, the conductor 
being disposed spirally and having a spiral axis extend 
ing perpendicular to the direction normal to the stacked 
layers. 

2. The chip antenna of claim 1, Wherein one of said pair 
of terminals is utiliZed as a feeding terminal for applying a 
voltage to said conductor, the other terminal serving as a free 
terminal. 

3. The chip antenna of claim 1, Wherein the conductor is 
disposed Within the substrate. 

4. The chip antenna of claim 3, Wherein the substrate 
comprises a plurality of layers, selected ones of the layers 
having selected portions of the conductor disposed on sur 
faces thereof, via holes being provided in at least one of the 
layers for connecting respective portions of the conductor on 
different layers together When the layers are joined together 
to form said substrate. 

5. The chip antenna of claim 1, Wherein the conductor is 
disposed on the surface of the substrate. 

6. The chip antenna of claim 1, Wherein the substrate has 
a plurality of surfaces and the conductor is disposed on 
selected ones of the plurality of surfaces. 

7. The chip antenna of claim 1, Wherein the conductor is 
disposed partly Within the substrate and partly on the surface 
of the substrate. 

8. The chip antenna of claim 1, Wherein the conductor has 
a helical shape. 

9. The chip antenna of claim 8, Wherein the conductor has 
a rectangular cross section. 

10. The chip antenna of claim 1, Wherein the substrate 
comprises a combination of a dielectric material and a 
magnetic material. 

11. The chip antenna of claim 1, Wherein the substrate 
comprises one of a rectangular prism, a cube, cylinder, 
pyramid, cone and sphere. 

12. The chip antenna of claim 1, Wherein the conductor 
comprises copper or a copper alloy. 

13. The chip antenna of claim 1, further comprising an 
instrument for measuring at least one electrical characteristic 
of the conductor via said pair of terminals. 

14. The chip antenna of claim 1, Wherein the conductor 
has a meandering shape. 

15. The chip antenna of claim 14, Wherein the meandering 
shape is disposed in a plane. 

16. The chip antenna of claim 1, further comprising a 
mounting terminal disposed on a surface of the substrate. 

17. The chip antenna of claim 1, Wherein said substrate 
has at least tWo major surfaces, said pair of terminals being 
symmetrically disposed on the surface of said substrate such 
that both of said tWo major surfaces can be mounted on a 
circuit board. 

18. The chip antenna of claim 17, Wherein said pair of 
terminals are extended from one of said major surfaces to a 
side surface of the substrate. 

19. The chip antenna of claim 17, Wherein one of said pair 
of terminals is connected to a ?xing electrode located on a 
circuit board When the substrate is ?xed on the circuit board. 


